Introduction
Atomic hydrogen is present in the upper atmospheres o f the Earth, Venus, and Mars. Its presence has been detected by measuring Lyman alpha radiation from the Sun that has been scattered by hydrogen atoms in the Earth's atmosphere [Kupperian eta!., 1959] , in the atmosphere of Venus [Barth et al., 1967] , and in the atmosphere of Mars [Barth et al., 1971] . For these three planetary bodies, the source of the atomic hydrogen is, directly or indirectly, the dissociation of water vapor in the atmosphere. For all three planets, atomic hydrogen is escaping from the top of the atmosphere by a variety of mechanisms including thermal or evaporative escape.
Since Ganymede has water ice on its surface, it is expected that there may be water vapor in the atmosphere above the water ice as a result of sublimation and that the water vapor will be photodissociated by solar ultraviolet radiation producing hydrogen atoms. A model calculation of the photochemistry of a water vapor atmosphere on Ganymede shows indeed that hydrogen atoms should be Copyright 1997 by the American Geophysical Union.
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0094-8534/97/97GL-01927505.00 produced and that some fraction of them should escape from the gravitational field of Ganymede [Yung and McElroy, 1977] . There has also been the suggestion that charged particle bombardment of the surface of Ganymede should produce sputtering of water vapor from the surface ice and produce a water vapor atmosphere with a partial pressure that may be comparable to that produced by sublimation [Lanzerotti et al., 1978] .
Observations
The Galileo ultraviolet spectrometer (UVS) consists of a Cassegrain telescope and a Fastie-Ebert spectrometer [Hord et al., 1992 ]. For the observations described in this paper, the field-of-view is 0.1 x 1.0 degrees and the grating is stepped through 16 steps up and down through the atomic hydrogen Lyman alpha line at 121.6 nm. Approximately equal amounts of time are spent measuring the emission line and the background. In the analysis of the data, the slit function was fit to the observational data using a least squares fit procedure. This technique successfully separates the emission line from the radiation noise that is produced in the photomultiplier tubes by the charged particles in Jupiter's magnetosphere.
During the Galileo flyby of Ganymede on June 27, 1996, the ultraviolet spectrometer scanned the atmosphere above the limb for seven minutes starting when the field-ofview was 2400 km above the limb and ending a•er the field-of-view had crossed onto the disk of Ganymede. At that time, the range to the limb was approximately 5700 km and the solar zenith angle was 60 ø. The sub-solar point was just south of the equator at a longitude of 170 ø. The limb crossing took place at a latitude of 2 IøS and a longitude of 226øW. The atomic hydrogen Lyman alpha line was measured 44 times during this seven minute limb observation period. Since the measuremeres were averaged in groups of four, the emission rate was determined every 225 km from a planetocentric distance (distance from the center of Ganymede)of 5000 km down to the limb (the radius of Ganymede is 2634 km). 
Exosphere Model
Since the density of the atmosphere of Ganymede is low, the analysis of data requires the use of exospheric theory. An exosphere is the region of planetary atmosphere where collisions between the neutral constituents essentially do not occur. The theory of the density distribution for a spherical atmosphere has been developed by Chamberlain [1963; Chamberlain and Hunten, 1987] . Figure 1 shows the result of an exosphere model fit to the Lyman alpha limb observations. This model was generated using an exospheric temperature of 450 K and a scale height of 2634 km. The figure also shows the Lyman alpha sky background of 0.58 kR. This model exosphere was fit to the data using a least squares fit procedure which gave a correlation coefficient of 0.42. One result of this fit Using the assumption that oxygen ions are the principal constituent of the magnetospheric plasma, the flux of water molecules from the surface of Ganymede is 1 x 10 •ø molecules/cm 2 sec. This is the same flux that occurs from sublimation of an icy surface at 125 K (Fig. 5, dohnson et  al., 1982) . Thus, if ion erosion were the principal process producing a water vapor atmosphere, the partial pressure 
Oxygen
If the escaping hydrogen atoms are produced by the photodissociation of water in the atmosphere, the hydroxyl radicals that are produced may stick to the surface ice. The sticking coefficient of OH on ice has been measured in the laboratory and found to be 0.03 [Cooper and Abbatt, 1996] . On Ganymede, the OH radicals would have many collisions with the surface and gradually accumulate in the ice. If the hydrogen atoms are directly ejected from the ice, the hydroxyl radicals would remain in the ice and have the opportunity to react and form various compounds of oxygen and hydrogen The amount of ice that is lost because of the escape of atomic hydrogen may be calculated using the escape rate determined from the Galileo ultraviolet spectrometer measurements of atomic hydrogen. Taking into account the day-night cycle on Ganymede, the average thickness of water ice that is lost is 1 m per year. Since hydrogen atoms are escaping, it is oxygen in some form that is accumulating in the ice. It may be noted that molecular oxygen and ozone are observed in the ice of Ganymede [Spencer et escape flux may be greater than 7 x 10 atoms/cm sec. For either mechanism, the density o f the neutral atmosphere is the important parameter since it determines whether or not the hot atoms equilibrate before escaping.
Summary
Atomic hydrogen has been measured in the atmosphere of Ganymede. The density directly above the surface is 1.5 X 104 atoms cm -3 The altitude distribution may be ß described by a scale height that corresponds to a temperature of 450 K. A possible source of the atomic hydrogen is the photodissociation of water vapor that has sublimed from the ice on the surface. Using the water vapor atmosphere model, the escape flux of aztOmic hydrogen is calculated to be 7 x l0 s atoms/ cm sec. However, to supply this amount of atomic hydrogen from photodissociation of water vapor, there needs to be a substantial reservoir of ice on the surface that is at a temperature of 146 K or higher. While the hydrogen atoms that are produced from the dissociation of water have the opportunity to escape, the oxygen atoms tend to remain behind.
The amount of water ice that is consumed in producing the escaping hydrogen atoms is I nm per year. The amount of oxygen that accumulates on Ganymede should be nearly equal to that same equivalent column. There are two additional possible sources of the hydrogen atoms that are observed in the atmosphere of Ganymede. They are the photodesorption of water ice by solar photons in the far ultraviolet wavelength range and the sputtering of water ice by Jupiter' s magnetospheric ion plasma.
